The idea of adult-like initial formation of maps in very sluggish to respond than adult cortex, the fundamental young animals is certainly not a novel concept, having functional properties of these neurons were essentially its roots in the work of Sperry and colleagues in the adult-like (Hubel and Wiesel, 1963). This simple, yet retinotectal system, who proposed nearly a half-cenprofound, observation was somewhat eclipsed by their tury ago that the ability of regenerating retinotectal axremarkable discovery that the immature visual cortex is ons in adult fish to reconstruct a functional retinotopic also capable of dramatic physiological and anatomical projection was evidence that normal development must plasticity in response to monocular deprivation of vibe controlled by a precise set of mapping cues. Rough sion during a defined critical period. Appreciation of the anatomical and electrophysiological mapping of the redegree of organization in the immature brain has been tinotectal projection in very young Xenopus tadpoles at revived in recent years thanks to a number of insightful the beginning of retinal innervation has provided supanatomical and physiological studies performed very port for this prediction (Holt and Harris, 1983). In rats, early in postnatal development. single-unit electrophysiological mapping studies of suOne of the most influential experimental models for perior colliculus receptive field sizes found mature rethe regulation of neuronal connectivity by patterned acceptive field sizes around the time of eye opening, tivity is the segregation of thalamocortical axons into when visual stimuli are first able to drive retinal ganocular dominance bands in visual cortical layer 4. This glion cell firing. However, it should be noted that this had previously been thought to result from an initially may already be too late, as the anatomical refinement exuberant thalamocortical projection that segregated of retinocollicular axon arbors is well underway by eye into eye-specific bands as a result of activity-depenopening, having received patterned activity generated dent competitive interactions during the critical period by spontaneous retinal waves of firing prior to that time for ocular dominance plasticity 
immobilized and presented with various visual stimuli arrangements that have been reported for retinotectal projected onto a monitor in their visual field while twoaxons, tectal projection neurons, and interneuron denphoton optical scans were performed through the drites in this system during identical developmental tectum.
stages. As tadpoles grow, individual axon arbors gradMapping responses in this manner in larvae ranging ually occupy a proportionally smaller fraction of the in age from 66 hr postfertilization, the earliest stage at expanding tectal neuropil, consistent with the subtle which visual responses could be evoked, to mature 9 sharpening of receptive field size observed by Tao and day postfertilization fish, they measured a number of Poo in Xenopus and the increased sensitivity to smaller receptive field parameters, including topographic orobjects that Niell and Smith found in zebrafish (Sakaganization, receptive field size, direction selectivity, and guchi and Murphey, 1985). stimulus size preference. From 78 hr postfertilization Moreover, it suggests that the normal role of developonward, these features remained remarkably invariant, mental plasticity may not just be to produce and mainshowing an increase in sensitivity but little change in tain precise receptive fields in any single domain like selectivity, suggesting that receptive fields were essentopography, which appears to be adequately encoded tially adult-like by this early stage. Moreover, dark rearfrom the outset in immature cells, but also to match ing to deprive the visual system of patterned external and align distinct assemblies of inputs onto a cell in a drive had little effect on the development of these manner that enhances the function of that cell. There parameters. The proportions and classes of cells remay be many transient encounters between pre-and sponsive to various stimuli types also remained consispostsynaptic partners that provide subthreshold inputs. tent throughout development.
Only a small fraction of these will be selected and Together with the examples of precocious developstrengthened enough to alter the receptive field as ment described above, these experiments raise a nummeasured by the firing output of the cell, but in addiber of fundamental questions about the function of detion, there is a fine-tuning of more subtle properties of velopmental plasticity. Why, if the innate anatomical the cell like temporal response properties that may inand physiological development of immature neurons so fluence how the activity patterns of that neuron are inclosely resembles that of the adult, is activity-depentegrated into the network. dent plasticity necessary at all? What is the role in reThe role of interaction between excitation and inhibiceptive field and topographic map development of the tion of neurons has been examined extensively in the intense morphological remodeling of axons, dendrites, regulation of ocular dominance plasticity in the visual and spines that have been observed in time-lapse imcortex. In the developing visual system, the critical aging studies in these systems? period for ocular dominance plasticity is delayed or abAt least part of the answer is provided in a paper by sent in mice lacking the GAD65 isoform of the enzyme Tao . Thus, by coordinating the recordings both at the reversal potential for glutatemporal firing properties of cortical neurons, rather matergic currents as well as at the reversal potential for than stimulus selectivity, a modest change in the in-GABA and glycine, allows the respective contributions teraction between excitation and inhibition can lead to of both inhibitory and excitatory synaptic inputs to be a profound modification of the network. assessed. These authors observed a modest but conBut isn't this all just a bit too circular? Maps and resistent reduction in both excitatory and inhibitory receptive fields are nearly adult-like from the outset, but ceptive field size during development from stage 44 to plasticity is nonetheless required in order to permit furstage 48 in tadpoles. Significantly, there was also a prother plasticity. There are three important considerations gressive alignment and matching of excitatory and inrelevant to this point. hibitory receptive fields over this period. This process First, it is just as fallacious to assume that the earliest of receptive field refinement was impaired by either state of a neuron or network represents the state of the chronic bicuculline to block GABA A or diazepam to ensystem in the absence of activity-dependent refinement hance GABA A currents-manipulations that perturb the as it is to infer that the disorganization of the network precise timing of neuronal firing.
that is induced by activity blockade represents the The observation that receptive field remodeling of exmaximal degree of precision that could be achieved if citatory and inhibitory inputs is both dynamic and progressive is quite consistent with the anatomical reactivity-dependent mechanisms did not exist. Activity- whether the developmental matching of inhibitory and Thus, what appears to be only a small change over norexcitatory receptive fields can modulate experiencemal development at the level of single-cell morphogendependent visual system plasticity in the optic tectum. esis is in fact a functional refinement of arbors that is
In conclusion, it is clear that for many areas in the essential for the formation of higher-order structures brain the classic model of initial exuberance followed like barrels.
by the pruning of inputs, inspired by the developmental Third, one of the principal functions of neural circuitry refinement of motorneuron axons at the neuromuscular in the brain is the integration of information from junction, is not appropriate. There remain numerous exmultiple sensory sources. While the inputs from each amples of neural circuits that radically refine their conof these sources may be independently precisely organectivity and response properties during development; nized, they may require further modification to effihowever, in many cases the initial connectivity and reciently map onto one another. sponse properties of immature neurons starts out surThere are several striking examples of this in the opprisingly adult-like. Given that these same neurons tic tectum. In Xenopus frogs, which unlike tadpoles typically are capable of a tremendous degree of develhave binocular receptive fields, a map of visual space opmental plasticity of both form and function, the clasthrough the ipsilateral eye is provided to the optic tecsic model should be revised rather than reviled. The tum through the nucleus isthmi (Udin and Grant, 1999 ).
ongoing refinement of neuronal connections may not This map maintains precise registration of its receptive result in obvious changes over time in axon arbor size fields with those of the retinotectal inputs from the conor number of synaptic inputs to a cell, but instead protralateral eye, even as the eyes shift position on the duce a more efficiently matched set of inputs for that head as the animal matures. Rotation of one eye leads cell. to a complete remapping of this projection to realign newly overlapping receptive fields.
Cross-modal plasticity has been beautifully characterized in the optic tectum of barn owls. In these ani- positions of either of these maps by prism rearing or
